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. ® Graded cafcalyst eysiem- 



<») Process and catalyst system for the hydrotreatlng of a hydrocarbon feedstock, wherein the feedstock being 
passed through a fixed bed catalyst system of a hydrotreatlng catalyst comprising a physical mixture of high 
void catalyst particles and low void catalyst parUciss. which particles are mixed In di^erent amounts In different 
layers of the catalyst bed so as to obtain within the fixed bed catalyst system a layered structure with different 
layers having different mixing ratios of the high and low void panldes. 
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Generally, ihe present inveation reJates to a lixed bed catalyst system for os© in hydrcjtrealing 
proooscoc. and,. In particular, a cataJyet system comprising a physical mJirturo ot catalyst particles with a 
large vofd and particles wltti a low void. 

HydrotrOfiting of crude feedstocks encounters frequently probloms caused by solid contarr»inanl3 in tho 
6 feed-stpjck» 

In many refmerias. serious problems ansc tn hydrotreating reactors showing liquid maldistribution and 
pressure drop build-up due to plugging of the reactors by those solid contaminants. 

If solid material ot certain panicle size Is present In a feed-stock, it will deposit in the catalyst bed. An 
appropriate grading technology is necessary in order to control the deposition in such a nay that the life of 
70 the catalyst change Is determined by lack of catalyst activity rather tnan flow restrictions or reactor plugging. 
TnaditionaJly control of reactor contdmination has baen made by applying a grading of large particles on top 
of smaJier particies. Both particle siz&s used have almost the same void fraction, but the average size of tlie 
void spaces is different and tho ability lo retain deposits is thus dlKoreni. By such a grading procedure, the 
deposits are allowed to penetrate deeper In the bed, and a higher contaminant uptake can, therefore, be 
IS attained before the catalyst bad (s plugged oft. The panicle size procedure has the obvious draw back that 
the part of the reactor, v^here the accumulation occurs, has a limited capacity for contaminant storage. 
Exchange of targe low vdfd materia! with high void material, e g. rings In the reactor top. has to a large 
extent improved the capacity for contanrunant storage without having bed plugging. However, situations 
exists where the sixe of the contaminant particles Is small and/or the feedstock contaminant level »3 high, 
20 and where e layer of large particles/high void material does not have adequate ability to retain contaminant:? 
and plugging of subsequent layers can thus occur unless very large volumes o1 large partlcies/high void 
material are used. 

Based on the above observations, improved control of deposition of solid material in a fixed catalyst 
bed over a larger votume in the bed is obtained by appropriate void grading of the catalyst bad with 
as catalyst panicles having different void and optionaJiy different activity. I h&x^ found that appropriate void 
grading is obtained by physically mixing catalyst particles having a large void volume and particles with a 
tow void volume in different mixing ratios in fixed bed catalyst system, and. thereby, improving performance 
of. in parttcular. hydrotreating reactors. 

Accordingly, this invention provides a catalyst system for the hydrotreating of a hydrocarbon feedstock, 
so comprising a physical mixture of high vote catalyst particles end low void catalyst particles, wherein tho 
particles are mixed in different amounts in different layers ot the cataiyst bed so as to obtain within the fixed 
bed cBtaJyot ayatom a layered structure whh different layers having different mixing ratios of the high and 
low void partictes. 

Suhable catalyst particles for use in the Invention comprise panicles in the shape of cylinders. 
. ss ihrefilobes. spheres and similar compact biddies with a low void. CatalysT panicles having a large void are 
typically seiecied from rings, wagon wheels and bodies with a plurality of internal channels. The active 
catalytic material supported on those particles comprises Group Vl metals, in particular molybdenum and/or 
tungsten, and Group VIII metals, preferably nickel and/or cobalt. 

The invention provides, furthermore, a process for the hydrotreating of a hydrocarbon feedstock. 
^0 wherein the feedstock being passed through a fixed bed catalyst system of a hydrotreating catalyst 
comprlfiJng a physical mbcture of high void catalyst particles and low void catalyst panicles, which particles 
aro mt>cad In different amounts In difforent layers o? the catalyst bed so as to obtain within the fixed bed 
catalyst system a layered structure with different layers having different mixing ratios of the high and low 
void particles. 

Example 1 

Catalyst particles of two different shapes were mixed thoroughly using a rifle divider. A number of 
different mbdng ratios were used ranging from 0 to 1 00 wt% finga mixed with threelobe particles dried 3t 
so 250 •C for two hours before mixing. After mixing, the particles were dried again and the bulk densities were 
determined, using the ASTM D41 80-82 method. 

In the experiment the following catalyst types were used, which are commercially available from Haider 
Tops^e A/St Denmark: 

1/8'' ring TK SSI (ringshaped particles) 
i S5 r/16* TL TK 551 (threeiobeshaped particles) 

The sisre of the threelobe particles was selected so that no threelobe panicle could enter tha hofas or 
the rings. 
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Figure 1 shows gr^hlcally the results of tho bulk censily determinaiioas. From the bulk densities 
tt\e^rQd and the panicle density dala, the void volume was dolermined for tho various Sdmplos. Fiouro 1 
gives a graphical presentation of the data in Table 1. As apparent from Figure 1. the increase in the void 
volume by increasing tJie percentage o1 rings in the mixture, devtatos from a straight lino. This Indicates 
that the small particles have a tendency to fill the inlersticos between the larger particles. Triis pnenomenon 
is further illustrated if the void volume Is saeclfied by: 

Ej: Void votuipe in the holos of iho rings, internal void. 

Ey: Void volume, he. Interstices in between the particles, external void. 
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TABLE 1 
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The values ol Ej and £y at differeni mixing ratio are aummarizod in Table ^ and shown In Figure 1. Ey has 
its niaximum vaiue of 100% nngs or 100% throelob© in the mixturo. Furthermoro. ^ has a mimmum vaiua 
indicating thai amafJ partides tend to fill iho wold among larger psmiclos. 

tt is not possible to make an exact calculation ol the average size of the void volume. However, certain 
assumptions, concerning the shape of the voids as well as the number of voids, make it possible to 
deifirmlne the averaQO sizo of the void volume, wnen assurning that: 
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lb© number of voids in a cataJyst bed Is equal to th© number of catalyst particles, and 
voids aro olthor cyDndrtcdl with B length equal to ihe average lartgth ot ma shortest catalyst particle 
type (Die threetobe) or spherical 

Based on the above assumpitons. the average si?e of the void volume has been calculated, the results 
of these calculations are illustrated in Figure 2. As apparent from Figure 2, the change in the total volume 
void for a given addition of rings to the mixture is d?tferent depending on th© composftion of tho miyturo. At 
low percentages of rings, an addition of rings only gives a minor increase in the average Si2e of void 
volume, whereas at high percentages of rings (>60%}. a given addition of rings gives a high Increase In 
void volume. 

It Is indicated by the above results that void gradea catalyst systems are usefui in Industrial units, since 
void grading allows both a smooth change from high void material (rings) to low void material (threelobes) 
and provides a smooth change in filtering effect. The filtering effect is improved through small voids In the 
graded catalyst bed by addition of a small fraction of low void particles, e.g. threelobes to the ringshsped 
partJcies, which reduces the average size of the void significantly. Void grading Is preferably obtained by 
mixing of ringshaped particles ar^d threelobee. A void graded catalyst bod wiih maximum distribution of tho 
filtering effect is provided wiihln a void graded catalyst bed having layers of 100. 6S, 60» 0 wt% ringshaped 
particles mixed with threeioba particles. 

In such a bed. the amounr of contaminants removed from a feedstock through deposition on panicles Is 
found to be of a first order with respect to the teadstock contaminant level C (kg^n^): 

-XC = SOBL (1) 



imegratton of eq. i over the length of a plug flow reactor gives: 

25 C = Co-EXP(-V.L) (2) 

where L is the distance from ihe reactor top in m, Co and C is the contaminant concentration at the inlet 
end at a distance of L meters from the reactor top in kg/m^. and X is the filtration coefficient In m"*'. 

Solid contaminants are deposited In a characteristic fashion In the reactor. Using eq. 2. an equation can 
30 be derived that relates the deposited amount to the Nitration coefficient: 

o « Co-0*t-X/A-exP(-X-L) (3) 

In eq. 3 o Is the amount of solids (kg/nt^ catalyst) retained In the catalyst layer L maiers from the reactor 
js bed. O is the liquid flow to tho reactor (m^^), t Is the total time on stream (hours), and A is the cross 
section area of the reactor (m^). 

By means of the above equations, solid deposition in a number of diffe^'ent catalyst graded systems 
were calculated. In the model experiments, a fixed flow rate and suspension amount have been assumed. 

40 Comparison Example a 

The catalyst bed consists of 1/16" TL particles arranged in the entire reactor volume, ii fs obvious from 
the data in Figure 3 that solid deposition only occurs at the too of the catalyst bed. The type of deposition 
observed In Rgure 3 will result In clogging of the frcg> void volume at the top of tho bod, resulting in an 
45 incroaslr>g pressure drop (AP). The resistance against coniamlnaik>n in ungraded catalyst beds ot the above 
type is tow. The resistance is set relatively to 100% in order to allow comparison with other types of 
catalyst beds. 



Comparfson Exarhple 0 

In order tp improve resistance against contamination, high void material on the top of the reactor Is 
conventionally used; This improves the capadty for deposition by smoothing the deposition profile. 
Furthermore, the high void material can secure large quantities of solids until the void volume is reduced to 
such an extent that a pressure drop occurs. 

In this Example a conventional two-<ayer grading was usee, consisting of a layer of 1/8" rings arranged 
on top of a layer of 1/16'' TL. figure 4. shows the deposition profiles obtained in the graded bed. It is 
observed thai the. deposition has improved as comparec with Example A. However, h Is aiso observed that 
there is a possibility of cataiysi bed blocking on the boundary between the two layers, since a high 
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W^0M^M^-:-^ deposJxlon occurs at the top of the low void Vi6* TL layer. It is also In this boundafy area that the reactor Is 
^^^1 most likely to be blockod. Roslstanco against contamination In this Example is stronger than found in 
Example A. As calculatad by the above aquations. It is possible to accumulste 3.6 tinnes more solids than In 
the catalyst bed of Example A. 

s 

Cxemple 2 




The deposition of contaminants can be improved substantially by using the void grading technique 
according to the invention and described In Example 1 . A graded catalyst bed was established having a top 
10 layer with 100% rings <size UB""), Subsequent layers with a mixture of SS^it rings a«d 15% threelobes (si^e 
'^^0^:/.^ 1/16T and 48% rings and 52% throBlobes. and at tiottom a layer with 100% ttireelobes. 

" * " Figure 5 shows we contamination profile obtained for the void graded bed. The data obtained dearJy 

demonstrate thai the deposition profile obtained in the void graded bed allows a much higher cor^tami nation 
rate without clogging the catalyst bed. 
. /6 Resistance against contamination Is Increased by 7,9 times as compared to that of a catalyst bed with 
^p^r^/t' . only threelcbe particles, as in example A. 

*..^.'jJhi:.'.>.f ^^Hj gf^fyg qq^^^ lurthormore. bo combined with activity grading by mixing particles with different 

catalyst activity. Activity grading is preferred in reactor the treatment of a feedstock, wnero solids are 
formed during catalytic reactions on the catalyst psnlcias. 

claims 

1. Catalyst system for the hydrotreatlng of a bydrocarbon feedstock comprising a physical mixture of high 
void catalyst pariicfes and low void catalyst particles, wherein the particles are mbced in different 
^ amounts in different layers of the catalyst bed so as to obtain within the fixed bed catalyst system a 
. layered structure with different layers having different mixing ratios ol the high and low void particles. 

0^0. :^. ^ The catalyst system of claim 1, wherein the high void catalyst particles are selected from the group of 

Iplf^V^ particles having a shape of rings, wagon wheels and bodies with a plurality of internal channels, and the 

^y$^M---' ■ catalyst particles are selected from the group of particles having a shape of cylinders, 

'^^^^^^^'. ■ ^ . threelobes and spheres. 




a. The catalyst, ay&tem of claim 1. wherein the fixed bed catalyst system comprises succassivo layers 
^l^^fv; i with mixed layers of rlngehapsd and threeiobe pBrtk:les» a top layer of ringshsped panicles and a 

lli^.^€lv -i *• 35 bottom layer of threeiobe particles. 

^%fi?=^^^^ ^" catalyst system of clairn 3. wherein ihe mb(ed layers consist of 85 wt% and 60 wt% ringshapad 

^^^^vA ;• paniicles respectively mixed throelPbe particles. 

^^0^;yy.\- '•e 5. The catalyst system of claim 3, wherein the mixed layers consist ot 65 wt% and 48 wt% ringshapeo 
ll^^^^r; ' particles respectively mixed with threeiobe particles. 

iSl?E^ ^" ^^^^ hydrotreatlng of a hydrocarbon feedstoci^. wherein the feedstock being passed through 

^0fj^;v > 3 fixed bed catalyst system of a hydrotreatlng catalyst comprising a physicaJ mixture of high void 

^ catalyst parclclea and low void catalyst parilcles. which particles are mixed in different amounts in 
different layers of the catalyst bed so as to obtain within the fixed bed catalyst system a layered 
structure i»yith different layers having different mixing retios of the Ngh and low void particles. 
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